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TO THE EDITOR
The mammalian hair follicle contains
epithelial cells of outer and inner root
sheaths, matrix, and hair shaft. It also
contains dermal papilla (DP) and der-
mal sheath cells derived from the
mesenchyme (Millar, 2002). DP, a
cluster of specialized fibroblasts, is
believed to have a key role in hair
growth and cycling by regulating activ-
ity of the various cells in the follicle
(Millar, 2002).
Cultured DP cells are believed to be
useful for the study of their role in hair
growth and regeneration (reviewed
by Ohyama et al., 2010; Yang and
Cotsarelis, 2010). However, two-dimen-
sional (2D) cultured DP cells gradually
lose hair-inductive capacity during sub-
culture. To maintain hair inductivity of
2D cultured DP cells, Inamatsu et al.
(1998) cultured rat DP cells by adding a
conditioned medium harvested from
sole skin keratinocytes and sustained
the hair-follicle-inductive ability at a
level comparable with that of intact DP
even after 70 passages. In addition,
Kishimoto et al. (2000) and Rendl et al.
(2008) retained the inductive capacity
of mouse DP cells by Wnt3a and BMP6
treatment. In addition, Qiao et al.
(2009) showed that hair-inductive po-
tential of 2D cultured human DP cells
can be maintained when cultured in the
presence of newborn foreskin keratino-
cyte-conditioned medium.
Recent studies showed that sphere
formation enhances hair-inductive ac-
tivity of cultured DP cells. Osada et al.
(2007) showed that the hair follicle-
inducing efficiency of cultured mouse
vibrissal DP cells is markedly improved
by preparing DP spheres instead of
using cell suspension. In addition,
Young et al. (2008, 2009) and Yen
et al. (2010) showed that rat vibrissal
DP cells either alone or together with
keratinocytes can be cultured into
spheroidal microtissues by biomater-
ial-facilitated self-assembly, and are
able to induce new hair follicles. These
results strongly suggest that hair-indu-
cing capacity of human DP cells can
also be restored by three-dimensional
(3D) spheroid cultures. This suggestion
prompted us to evaluate the hair-indu-
cing capacity of cultured human DP
spheres.
Human DP was isolated from the
bulbs of dissected anagen hair follicles,
and DP cells were expanded in 2D
culture as described previously (Kwack
et al., 2008). Hair biopsy specimens
were obtained from the non-balding
occipital scalp region of patients with
androgenetic alopecia during hair
transplantation. The Medical Ethics
Committee of the Kyungpook National
University Hospital (Daegu, Korea)
approved all of the described studies.
The study was conducted according to
the Declaration of Helsinki Principles.
Informed written consent was obtained
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Figure 1. Diagram of experiments conducted in this study. Mouse dermal and epidermal cells were
freshly isolated from C57BL/6 mouse neonates (P0–P1) and were used for control experiments (a). Human
dermal papilla (DP) spheres were prepared from two-dimensional (2D) cultured DP cells by using either
low cell-binding plate or hydrocell plate and combined with freshly isolated mouse epidermal cells for
implantation (b). Scheme of patch assay (c).
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from the patients. Cultured DP cells
(104 cells) were seeded into a 96-well
low cell-binding plate (Nunc, Roskilde,
Denmark) or hydrocell plate (Nunc)
to form one spherical structure. The
spheres were maintained for 24–96hours
in the wells until they were used for
implantation. The 2D controls were
replated when split to prepare the 3D
cultures. Hair-inductive capacity of
cultured human DP spheres was as-
sessed using an established ‘‘patch
assay’’ (Zheng et al., 2005), which is a
hair regeneration method (reviewed by
Ohyama et al., 2010). Implantation
procedure was followed as described
previously (Osada et al., 2007). Briefly,
spheres or dissociated DP cells were
separately combined with freshly iso-
lated mouse epidermal cells and then
implanted subcutaneously into nude
mice (Figure 1). The same epidermal
cell preparation was divided between
the 2D and 3D grafts. Mice were killed
2 weeks after cell implantation in order
to verify hair follicle induction.
We, as expected, found hair follicle
formation in positive control experi-
ments in which freshly isolated dermal
cells and epidermal cells from dorsal
skins of C57BL/6 neonates (P0–P1) were
implanted (Figure 2a). However, no
hair induction was observed in negative
control experiments in which newborn
mouse epidermal cells alone were
implanted (Figure 2b). It is interesting
to note that we observed hair follicle
formation when DP spheres from var-
ious passages (p3, p4, p6, and p10) of
culture are mixed with newborn mouse
epidermal cells. The experiment was
conducted three times and each experi-
ment compared 2D cultures with
spheres. Reproducible hair induction
has been achieved when spheres are
used. In contrast, hair follicles were
never observed when 2D cultures from
the same population were used (Fig-
ure 2, compare c and d, and e and f).
To demonstrate that the origin of the
DP cells in reconstituted hair follicles
was of human origin, DP cells were
labeled before sphere formation with
the fluorescent dye, DiI (Invitrogen,
Carlsbad, CA). The experiment was
conducted three times and 32 recon-
stituted hair follicles were examined
under fluorescence microscopy. DP in
all of the reconstituted follicles con-
tained DiI-positive cells. We observed
that 25/32 (78%) of DP cells were
completely labeled as shown in Figure
2h. We also observed that 7/32 (22%)
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Figure 2. Restoration of hair-inductive activity of human dermal papilla (DP) cells by sphere formation.Hair induction was observed in a positive control experiment
in which freshly isolated mouse dermal cells (106 cells) and epidermal cells (106 cells) were implanted together (a). No hair induction was observed in a negative
control experiment in which mouse newborn epidermal cells alone (106 cells) were implanted (b). A total of 200 DP spheres (2 106 cells) prepared from human
DP cells (passage 10) by low cell-binding plate (c) or corresponding two-dimensional (2D) DP cells (d) were mixed with fresh mouse epidermal cells (2 106 cells)
and implanted. Fifty DP spheres (5105 cells) prepared from human DP cells (passage 4) by hydrocell plate (e) or corresponding 2D DP cells (f) were mixed
with fresh mouse epidermal cells (5 105 cells) and implanted. To confirm that hair follicles were induced by grafted human DP cells, cells were labeled
with a fluorescent dye, DiI, before sphere formation. Frozen sections of hair follicles were prepared after 2 weeks of implantation and counterstained with
4,6-diamidino-2-phenylindole (DAPI). Phase-contrast image (g) and fluorescent images of DiI (h) and DAPI (i) are shown. Bars: a–f¼ 1mm; g–i¼0.1mm.
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of DP contained B40–60% of either
very weak or DiI-negative cells within
each DP. These data raise the possibi-
lity of recruitment of some mouse cells
to a portion of the reconstituted DP and
still remains to be investigated. DiI-
positive cells were also found in the
neo-dermis that formed in the implan-
tation, which is consistent with the
recent reports of Qiao et al. (2008,
2009).
The morphology and size of hair
follicles induced by human DP spheres
resembled the ones induced by mouse
dermal cells. This was in contrast to
our expectation that human scalp DP
cells would produce larger hairs than
those obtained with mouse dermal
cells. However, our data are in line
with the finding that pelage-type hair
follicle is induced by patch assay
despite DP spheres being made using
vibrissa DP cells (Osada et al., 2007).
Our data, together with those of Osada
et al. (2007), suggest that the size of DP
sphere, which shrank during cultiva-
tion, may account for the small size of
regenerated hair follicles.
Higgins et al. (2010) very recently
reported that 3D human DP spheres
prepared by hanging-drop cultures
have expression profiles different from
papilla cells cultured in 2D but with
many similarities to intact DPs; these
findings may account for our successful
hair induction using human DP spheres.
In conclusion, using a reconstitution
assay, we show that sphere formation
increases the ability of cultured human
DP cells to induce hair follicles from
mouse epidermal cells, which to our
knowledge is previously unreported.
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TO THE EDITOR
It has long been suspected that poly-
omaviruses might contribute to the
carcinogenesis of human cancers. In-
deed, viral proteins expressed by human
polyomaviruses are known to initiate
transformation and immortalization of
cultured cells and can cause cancer in
experimentally challenged animals (re-
viewed in Abend et al. (2009) and
Eisenberg et al. (2009)). Nevertheless,
compelling direct evidence for the
impact of polyomaviruses on human
cancers was missing until 2008, when
Feng et al. (2008) demonstrated the
clonal integration of a new human
polyomavirus in most Merkel cell carci-
nomas (MCC). Subsequent reports from
various labs worldwide have confirmed
the presence of this Merkel cell poly-
omavirus (MCV) in about 85% of MCC
Abbreviations: HPyV, human polyomavirus; MCC, Merkel cell carcinomas; MCV, Merkel cell
polyomavirus
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